The genus Defluviimonas, a member of the family Rhodobacteraceae of the alpha-3 proteobacteria sub-group, was first proposed by Foesel et al. (2011) and, at the time of writing, the genus contains only one species, Defluviimonas denitrificans, isolated from the biofilter of a recirculating marine aquaculture system. Although D. denitrificans phylogenetically belongs to the Rhodobacter group of the family Rhodobacteraceae, which typically comprises phototrophic purple non-sulfur bacteria characterized by the presence of photosynthetic pigments (Garrity et al., 2005) , D. denitrificans lacks phototrophic capability and is without pigment. Cells of D. denitrificans are mesophilic, moderately halophilic and heterotrophic non-pigmented rods and contain ubiquinone-10 (Q-10) as the major isoprenoid quinone (Foesel et al., 2011) . Sea tidal flats, called getbol in Korean, are broad, low-gradient, coastal muddy marshes that experience flooding by seawater between low and high tides. Sea tidal flats are well known biological resources that play very important roles in restoration and nutrient recycling (Winberg et al., 2007; Jin et al., 2012; Math et al., 2012b) . During the course of studies investigating microbial communities, we have characterized several bacterial community members from sea tidal flats (Kim et al., 2010a; Jin et al., 2011; Jung et al., 2011; Lee et al., 2011; Jeong et al., 2013; Math et al., 2012a) . Here, we describe the taxonomic characterization of a member of the genus Defluviimonas, designated strain BS14 T , isolated from a tidal flat of the South Sea in Korea.
Strain BS14
T was isolated from a surface tidal flat (less than 5 cm depth) in the Boseong area (34 u 389 05.920 N 127 u 029 44.250 E) of the South Sea in Korea using a previously described procedure with some modifications (Lu et al., 2006 fivefold-diluted marine agar (MA; BD) supplemented to maintain 3 % NaCl and incubated at 25 u C for 5 days aerobically. Crude genomic DNA from colonies was prepared and PCR amplifications of 16S rRNA genes using the genomic DNA were performed using the universal primers, F1 (59-AGAGTTTGATCMTGGCTCAG-39) and R13 (59-TACGGYTACCTTGTTACGACTT-39) as described previously (Kim et al., 2010b) . The amplicons were doubledigested with HaeIII and HhaI and based on their restriction fragment patterns, PCR products with distinct fragment patterns were selected and sequenced. The resulting 16S rRNA gene sequences were analysed using the BLAST program (http://www.ncbi.nlm.nih.gov/BLAST/) in GenBank, and the search results were used as a guide to classify the colonies. From the analysis, a novel strain belonging to the genus Defluviimonas, designated strain BS14 T , was selected for further phenotypic and phylogenetic analysis.
T was routinely grown aerobically on MA at 30 u C for 2 days, except where indicated otherwise. The strain was stored at 280 u C in marine broth (MB; BD) supplemented with 15 % (v/v) glycerol. D. denitrificans DSM 18921
T , purchased from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), was used as a reference strain for phenotypic comparisons, fatty acid analysis and DNA-DNA hybridization.
The 16S rRNA gene amplicon of strain BS14
T was sequenced using the F1 and R13 primers at Macrogen (Korea). The resulting 16S rRNA gene sequence (1352 nt) was checked manually for quality evaluation. Sequence similarity values between strain BS14
T and other closely related taxa were evaluated using the Nucleotide Similarity Search program at EzTaxon (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) and aligned with closely related taxa using the greengenes alignment program (http://greengenes.lbl.gov/; DeSantis et al., 2006) based on the secondary structures of 16S rRNA. Phylogenetic trees using the neighbour-joining and maximum-parsimony algorithms were reconstructed by the PHYLIP software (version 3.68, Felsenstein, 2002) . The resulting tree topologies were evaluated using bootstrap analyses based on 1000 resampled datasets within the PHYLIP package. Maximum-likelihood analysis was performed using RAxM-HPC BlackBox (version 7.2.8) of the CyberInfrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; Stamatakis et al., 2005) at the San Diego Supercomputer Center.
Comparative analysis of the 16S rRNA gene sequences showed that strain BS14
T was most closely related to D. denitrificans D9-3 T with a similarity of 97.4 % and its 16S rRNA gene sequence similarities with other type strains were less than 95.5 %. Phylogenetic analysis based on 16S rRNA gene sequences also showed that strain BS14
T formed a tight phylogenetic lineage with D. denitrificans D9-3 T with a bootstrap value of 100 % (Fig. 1) . The topologies of phylogenetic trees built using the maximum-likelihood and maximum-parsimony algorithms also supported the proposition that BS14
T is member of the genus Defluviimonas (Fig. 1 ).
Bacterial growth was tested on R2A agar (Difco), LuriaBertani (LB) agar, tryptic soy agar (TSA; Difco) and MA at 30 u C. Growth temperatures and pH for BS14 T were assessed in marine broth (MB) at different temperatures (0-45 uC at 5 uC intervals) and pH (5.5-10.0 at 0.5 pH unit intervals). MB media with different pH were prepared using the following biological buffers; Na 2 HPO 4 /NaH 2 PO 4 and Na 2 CO 3 /NaHCO 3 for pH ,8.0 and pH 8.0-10.0, respectively (Gomori, 1955) . The pH was verified after sterilization (121 u C, 15 min) and adjusted again when necessary. Growth at various NaCl concentrations ranging from 0 to 12 % (w/v, at 0.5 % intervals) was investigated using MB with different NaCl concentrations prepared in the laboratory according to the formula of the medium. Gram staining was performed using a bioMérieux Gram stain kit according to the instructions of the manufacturer. Anaerobic growth of strain BS14
T and D. denitrificans DSM 18921
T was assessed on MA and on MA supplemented with various electron acceptors [sodium nitrate (10 mM), sodium nitrite (2 mM), ferric citrate (10 mM), sodium sulfate (10 mM) and manganese chloride (10 mM)], under anaerobic conditions [with 4-10 % (v/v) CO 2 ] using the GasPak Plus system (BBL) at 30 u C for 20 days. Cell morphology and the presence of flagella were studied using phase-contrast microscopy and transmission electron microscopy (JEM-1010; JEOL) with two-day-old cells grown on MA as described previously (Jeon et al., 2004) . Pigments were extracted from cells grown without light in MB using ethanol as described by Einen & Øvreås (2006) . An absorption spectrum (300-900 nm) was obtained from the crude cells extract using a SynergyMx monochromatorbased multi-mode reader (BioTek). The presence of flexirubin-type pigments was investigated using two different procedures of the KOH test as described by Bernardet et al. (2002) and McCammon & Bowman (2000) . The hydrolysis of casein, Tween 80, Tween 20, tyrosine and starch were tested as described by Smibert & Krieg (1994) . Oxidase activity was tested by oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was evaluated by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994) . Nitrate reduction was assessed according to the method described by Wang & Skipper (2004) . Acid production from D-glucose, D-fructose, lactose, D-galactose, D-mannose, D-arabinose, D-mannitol and raffinose was determined as described by Leifson (1963) . Substrate utilization as single carbon and energy sources was examined as described previously in marine minimal media (Isnansetyo & Kamei, 2003) T and the reference strain were determined by using the API ZYM and API 20NE kits (bioMérieux) and GN2 MicroPlate system (Biolog) according to the instructions of the manufacturers, except that the inocula were prepared by suspending cells in ASW. Antibiotic susceptibility tests were performed using filter-paper discs containing the following antibiotics (mg per disc unless stated otherwise): polymyxin B (100 U), streptomycin (50), gentamicin (30), tetracycline (30), kanamycin (30), lincomycin (15), oleandomycin (15), neomycin (10), carbenicillin (100) and vancomycin (50).
T grew on all media tested (R2A, LB, TSA and MA), but its optimum growth occurred on MA. Growth of strain BS14
T was observed at temperatures ranging from 5 to 40 u C, with an optimum growth temperature of 30 u C and within the pH range 6.5-9.5, with an optimum of pH 7.0-7.5. Strain BS14
T grew in marine broth containing 0-10.0 % (w/v) NaCl; optimal growth occurred in the range of 1.0-1.5 % NaCl. Anaerobic growth of BS14 T was not observed under all tested electron acceptor conditions, whereas D. denitrificans DSM 18921
T grew on MA supplemented with nitrate or nitrite anaerobically. Bacterial cells were Gram-staining-negative, non-motile rods (Fig. S1 , available in IJSEM Online). More physiological and biochemical characteristics of strain BS14 T are described in Table 1 and in the species description. Phenotypic properties such as catalase, oxidase, moderate halophilicity and pigment production were in accordance with characteristics of the type strain of D. denitrificans, whereas colony colour, anaerobic growth, nitrate reduction and carbon source utilization allowed the differentiation of strain BS14
T from the type strain of D. denitrificans (Table 1;  Supplementary Table S1 , available at IJSEM Online).
Isoprenoid quinones were analysed using a HPLC (model LC-20A; Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (25064.6 mm, Kromasil; Akzo Nobel) as described by Komagata & Suzuki (1987) . The DNA G+C content of strain BS14
T was determined by SYBR Green I and a realtime PCR thermocycler (Bio-Rad) according to the fluorometric method (Gonzalez & Saiz-Jimenez, 2002) using lambda DNA (Sigma) as a reference for G+C content calibrations. For the analysis of cellular fatty acids, strain BS14
T and a reference strain, D. denitrificans DSM 18921 T , were cultivated in MB at 30 u C and their cells were harvested at the same growth phase (OD 600 0.8). Fatty acids were saponified, methylated and extracted using the standard MIDI protocol, version 4.0. The fatty acids were analysed by GC (Hewlett Packard 6890) and identified by using the TSBA40 database of the Microbial Identification System (Sasser, 1990) . The polar lipids of strain BS14
T were determined by TLC as described by Minnikin et al. (1977) .
The only respiratory lipoquinone detected in strain BS14 T was ubiquinone-10 (Q-10). The DNA G+C content was 61.6 mol%, which allowed the differentiation of strain BS14
T from the type strain of D. denitrificans (Table 1 ). The major cellular fatty acids (.2 % of the total fatty acids) were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c, 82.70 %), C 18 : 0 3-OH (6.27 %), C 10 : 0 3-OH 
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(4.54 %) and C 18 : 0 (2.52 %) ( Table 2 ). The overall fatty acid profile of strain BS14 T was similar to that of the reference strain grown under the same conditions; there were only limited differences in some components such as C 19 : 0 cyclo v7c, C 18 : 1 v9c, C 12 : 0 3-OH and C 12 : 1 3-OH (Foesel et al., 2011) . No carotenoid or flexirubin-type pigment was detected. The major polar lipids identified from BS14
T were phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), an unidentified aminolipid (AL), an unidentified phospholipid (PL) and an unidentified lipid (UL), which were similar to those of D. denitrificans DSM 18921 T (Fig. S2 ).
DNA-DNA hybridization was carried out to evaluate the level of DNA relatedness between strain BS14 T and D. denitrificans D9-3 T as described previously . Briefly, extracted genomic DNA for slot hybridization was fragmented by HaeIII digestion and different amounts of the fragmented DNA were blotted onto Hybond-N+ nylon membranes (Amersham Pharmacia Biotech) in three replicates after denaturation using NaOH solution and heating (80 u C). Each DNA (4 mg) was used individually as a labelled DNA probe for cross-hybridization. Random primed DNA labelling with digoxigenin (DIG)-dUTP and detection of hybrids by enzyme immunoassay on nylon membrane were performed using a DIG High Prime DNA Labelling kit (Roche Applied Science) according to the manufacturer's instructions and standard procedures (Sambrook & Russell, 2001) . The hybridization signals were captured and analysed with Adobe Photoshop (v. 7.0). The signal produced by hybridization of the probe to the homologous target DNA was taken to be 100 % and signal intensities by the self-hybridization of the series of dilutions were used for the calculation of the levels of DNA relatedness between strain BS14
T and D. denitrificans D9-3 T . The hybridization experiments were always confirmed by reciprocal hybridization. (Foesel et al., 2011) . Both strains are positive for the following characteristics: catalase, oxidase, utilization of fructose and mannose. Both strains are negative for the following characteristics: motility Gram-staining, tryptophan deaminase, phototrophic growth, esterase lipase (C8), lipase, valine arylamidase, cystine arylamidase, trypsin, a-galactosidase, b-galactosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, chymotrypsin, b-glucuronidase and a-fucosidase activities, utilization of arabinose and lactose*, production of flexirubin-type pigments, aerobic pigments and indole*. Both strains are weakly positive for the following characteristic: hydrolysis of aesculin, alkaline phosphatase, naphthol-AS-BI-phosphohydrolase acid phosphatase, leucine arylamidase* and glucose assimilation*. +, Positive; 2, negative; W, weakly positive.
Characteristic 1* 2
Colony colour White Yellowish Cell size (mm) 0.5-0.861.6-2.7 0.561.1-1.9 Optimal NaCl (%) for growth 1-1.5 0.25-2.0 Optimum pH for growth 7.0-7.5 6. The DNA-DNA relatedness between strain BS14 T and D. denitrificans D9-3 T was 19.1±3.6 %, which was clearly below the 70 % threshold generally accepted for species delineation (Rosselló -Mora & Amann, 2001) . In conclusion, on the basis of the physiological, biochemical and phylogenetic properties described above, strain BS14 T should be classified as representing a novel species within the genus Defluviimonas of the order Rhodobacterales, for which the name Defluviimonas aestuarii sp. nov., is proposed. Foesel et al. 2011 Characteristics are the same as given in the description of the genus Defluviimonas by Foesel et al., (2011) , with the following amendments. Nitrate reduction and anaerobic growth under nitrate or nitrite are variable. The polar lipid profile consists of diphosphatidylglycerol, phosphatidylethanolamine, unknown amino lipids, unknown phospholipids and unknown polar lipids.
Emended description of the genus Defluviimonas
Description of Defluviimonas aestuarii sp. nov.
Defluviimonas aestuarii (a.es.tu.a9.ri.i. L. gen. n. aestuarii of a tidal flat, from where the organism was isolated).
Colonies on MA are white, flat and smooth with entire margins. Cells are Gram-staining negative, strictly aerobic, moderately halophilic and non-motile rods. Oxidase and catalase activities are positive. Non-pigmented and nonphototrophic. Growth occurs at 5-40 u C (optimum, 30 u C), at pH 6.5-9.5 (optimum, pH 7.0-7.5) and in the presence of 0-10.0 % (w/v) NaCl (optimum, 1.0-1.5 %). Cells are 0.5-0.8 mm in wide and 1.6-2.7 mm long. Nitrate is not reduced to nitrite. The type strain is BS14 T (5KACC 16442 T 5JCM 18630 T ), which was isolated from a tidal flat of South Sea in Korea. The DNA G+C content of the type strain is 61.6 mol%.
